INTRODUCTION
Utilization of the rock mass for heating and cooling is increasingly being used. Energy of the rock mass can be exploited by heat pumps with borehole heat exchangers. This installation not only produces renewable heat, but also the rationally manages heat in the building. This process uses heat from the rock mass for heating during the heating season, and cold contained in the ground at the end of the heating season for air conditioning in rooms.
Having borehole heat exchangers, it is possible to use the rock mass cyclically. Streams of energy, rather than to atmosphere, are moved between the building and the rock mass. There is also a possibility to use this system in a passive way, i.e. without heat pumps. Electricity is used only by the circulation pumps.
The basic parameter of heat pump systems with borehole heat exchangers is heating power possible to use. This parameter has a significant effect on the depth and the number of borehole heat exchangers. The location is also an important element. It affects the volume of energy possible to exchange. The size of the system is affected by its construction [3] .
THERMAL RESPONSE TEST
To properly design the construction, number and localization of boreholes, a very good knowledge of thermal properties of rocks is necessary. One method allowing that is Thermal Response Test (TRT) (Fig. 1) . Firstly, special equipment is installed at the outlet of a BHE. This equipment is powered electrically. The heat carrier (e.g. water, glycol) is warmed up with a heater (Fig. 2) . Heat carrier circulates inside the borehole heat exchanger by operation of the pump. The test starts when the heater is set to a fixed heating power. Input and output temperatures of the heat carrier, momentary flow and atmospheric temperature during the heating are recorded. The values of all parameters are stored in computer memory. The condition for obtaining correct results is sufficient time of the test so as to achieve changes in temperature not only in the solidified grout but also in the surrounding rocks.The test time is variously accepted. By Austin et al. it should last 50 hours [1] , Gehlin astates minimum of 60 h [2] , while Złotkowski et al. administered 100 h [3] . Heating power occurring during the thermal response test is difficult to maintain at a desired level. Throughout the test the power fluctuates near the predetermined value. 
ANALYSIS OF THE THERMAL RESPONSE TEST ON THE EXAMPLE OF THE BUILDING OF THE PRIMARY SCHOOL NO. 6 IN MYSZKÓW (SILESIA, POLAND)
This chapter will discuss results of the thermal response test, characteristics of the temperature of the system, characteristics of the heat pump, geological profiles, construction and quantity of projected borehole heat exchanger [5] [6] [7] [8] .
Results of the thermal response test
A thermal response test should be performed after drilling the first borehole heat exchanger. Based on this test, we can define the parameters of BHEs, such as their quantity, depth and location.
After the Thermal Response Test was obtained for a single u-pipe (DN 40) with a depth of 94 m, the effective thermal conductivity equalled λ eff = 4.39 W⋅m 
Temperature characteristics of the system
According to the project design, the system of borehole heat exchangers will be working only in the heating mode. Cooling load was not assumed. Throughout the calculated period (25 years), the temperature of the heat carrier on the inlet of the evaporator cannot be lower than 0°C.
Assuming the temperature drop of the heat carrier in the evaporator to be 4°C, the average temperature of the medium will be minus 2°C (temperature at the outlet of the evaporator to borehole heat exchanger is no less than minus 4°C). The planned energy performance of a building for the state after thermo-modernization has been presented in Table 1 .
Table 1
The planned energy performance of the building [5] Based on data from The temperature the heat carrier in the primary circuit °C 10/5
Temperature the heat carrier in the secondary circuit °C 50/40
The maximum input temperature on the secondary circuit °C 60
The recommended minimum input temperature for the primary circuit °C -5 Table 2 Monthly profile of the heat demand for heating the building Using data from the Table 3 and assuming specified in the project coefficient of performance for heat pumps (COP) equal to 4.6 a monthly profile of heat taken from the rock mass was estimated (Tab. 4).
Table 4
Monthly profile of heat taken from the rock mass Specified in Table 4 , the profile of heat taken from the rock mass refers to basic load. It is a heating power, which is evenly loaded throughout the month and produces an amount of energy determined in Table 3 . So it is a monthly average heating power defined as:
where: P i -monthly average heating power, kW, Q i -heating load in selected month, kWh, t i -duration of one month, h. Table 5 shows the heating power and time of peak load attributable to 24 hours. The nominal heating power of the pump assumed in the project documentation was taken as the maximum heating power. Table 5 Maximum heating load (peak heating load) of the rock mass
Characteristics of the heat pump
Tables 6 and 7 present the parameters specified by the manufacturer of the heat pump which will support the building (Viessmann BW302.B150).
Table 6
Points of heat pump's operation in 45°C at the feed of the heating circuit Table 7 Points of heat pump's operation in 55°C at the feed of the heating circuit Table 8 summarizes the lithological profile with the thermal parameters of each layer on the basis of literature data. Due to presence of aquifers in the profile of the test borehole and significantly watered area, especially in spring, the presented value thermal parameters relate to watered rocks. Despite the conditions, the effective thermal conductivity obtained from Thermal Response Test is almost 160% higher than the literature data. It may indicate a waterlogging of layers higher that assumed for calculations and significant velocity of water filtration, which may greatly shape energy processes given the convectional heat exchange. 
Geological profile

Construction of the borehole heat exchanger
A single u-pipe with a depth of 94 m was adopted. The diameter of the drilling tool was 121 mm. The distance between the axes of the heat exchanger tubes was 40-80 mm.
The calculation assumed an average distance between the axes of pipes at 60 mm.
The material used to fill was watered gravel (grain size 2.8 mm, λ = 1.8 W⋅m 
Prospective quantity of borehole heat exchangers
The heating system is planned to consist of 32 boreholes (single U-pipe DN 40) with a depth of 94 m each (Fig. 3) . The distance between the boreholes will be 8-9 m.
The total length of the borehole heat exchangers will be 32 × 94 = 3008 m. The schematic configuration of borehole heat exchangers is shown in Figure 4 . 
SYSTEM EXPLOITATION FORECAST
The exploitation of a system of borehole heat exchangers was forecast with the Earth Energy Designer (EED 3.21) computer software.
On the basis of simulation, changes in temperature of the fluid in borehole heat exchangers over 25 years of operation were calculated. Additionally, temperature of the fluid in borehole heat exchangers was estimated for individual months in the 25th year of operation. The results of these calculations are presented in Figures 5 and 6 . To determine the characteristics of the borehole thermal energy storage and the optimal variant of the project, a series of simulations to demonstrate the relationship between the number of borehole heat exchangers and their configuration and obtainable average temperature of the fluid in lower heat source was conducted. Table 9 and Figure 7 show the relation between the quantity of borehole heat exchangers and the average temperature of the fluid in the 25 th year of exploitation.
Table 9
Relation between the quantity of borehole heat exchangers and the average temperature of the fluid Table 10 and Figure 8 show a relation between the distance between borehole heat exchangers and the average temperature of the fluid.
Table 10
Relation between distance between borehole heat exchangers and the average temperature of the fluid 
Table 11
Relation between quantity of borehole heat exchangers and the distance between borehole heat exchangers and the average temperature of the fluid 
Table 12
Relation between quantity of borehole heat exchangers and the average temperature of the fluid in the 25th year (distance of borehole heat exchangers L = 10 m) Table 13 Relation between quantity of borehole heat exchangers and the average temperature of the fluid in the 25th year (distance of borehole heat exchangers L = 12 m) Table 14 Relation between quantity of borehole heat exchangers and the average temperature of the fluid in the 25th year (distance of borehole heat exchangers L = 16 m) 
CONCLUSIONS
1. Effective thermal conductivity of the borehole heat exchanger achieved on the basis of Thermal Response Test is much higher than expected (resulting with profile lithological and thermal parameters of rocks described in the literature). A possible cause of this state is waterlogging of layers and a significant water filtration velocity, which ensures the work of the underground heat reservoir, being a natural source of regeneration for energy resources in the rock mass. 2. The number of BHEs assumed in the project (32 pcs, 94 m deep) is sufficient to meet project assumptions referring to minimum temperatures of the heat carrier (polypropylene glycol solution) at heat production of up to 658 GJ annually. Nonetheless, in the perspective of a long-term heat production from the rock mass, it will be difficult to achieve the heat pump efficiency coefficient assumed in the project at the level of 4.6. In the basic variant, the forecast COP value for the heat pump after 25 years of exploitation (at heat carrier's temperature of 50/40°C in the secondary circuit) amounts to 3.7 for basic load and 3.3 for peak load.
3. Increasing the efficiency of the system is possible with the use of additional regeneration heat resources in the rock mass (by adding into the formation of heat obtained in the process of air conditioning or other waste heat).
4. Numerical modelling enables the design of an exploitation forecast, which accounts for the groundwater flow and its influence on heat exchange. However, it calls for a hydrogeological opinion in reference to the velocity of filtration of groundwater. 5. Considering the hydrodynamic conditions, detailed numerical modelling demonstrate the necessity of a smaller minimum number of borehole heat exchangers.
